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Instructions on how to annotate your galley PDF file using Adobe Acrobat Reader X

To view, annotate and print your galley, you will need Adobe Reader X. This free software can be
downloaded from: hitp://get.adobe.com/reader/. It is available for Windows, Mac, LINUX, SOLARIS, and
Android. The system requirements can also be found at this URL.
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View>Comment>Annotations.
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be enabled on a particular PDF. In these cases, you can use the two default commenting tools fo annotate
your files: Sticky Note and Highlight Text.

To start adding comments, select the appropriate commenting tool from the Annotation Palette.

TO INDICATE INSERT, REPLACE, OR REMOVE TEXTS

¢ [nsert Text

Clickthe ~* button on the Commenting Palette. Click to set the cursor location in the text and
start typing. The text will appear in a commenting box. You may also cut-and-paste text from another
file into the commenting box.

e Replace Text

Click the % button on the Commenting Palette. To highlight the text to be replaced, click and
drag the cursor over the text. Then type in the replacement text. The replacement text will appear in
a commenting box. You may also cut-and-paste text from another file into this box.

¢ Remove Text

Click the * button on the Commenting Palette. Click and drag over the text to be deleted. The
text to be deleted will then emphasize with a strikethrough.
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LEAVE A NOTE / COMMENT

e Add Note to Text

Click the "E" button on the Commenting Palette. Click to set the location of the note on the
document and simply start typing. Kindly refrain from using this feature to make text edits

e Add Sticky Note

Click the " button on the Commenting Palette. Click to set the location of the note on the
document and simply start typing. Kindly refrain from using this feature to make text edits

HIGHLIGHT TEXT / MAKE A COMMENT

e Clickthe ™ button onthe Commenting Palette. Click and drag over the text. To make a comment,
double click on the highlighted text and simply start typing.

REVIEW
All comments added in the active document are listed in Comments List Palette. Navigate by clicking on a
correction in the list.

ATTACHA FILE

For equations, tables and figures that need to be added or replaced, or for a large section of text that needs
to be inserted, users will find it better to just attach a file.

Click ©¥ putton on the Commenting Palette. And then click on the figure, table or formatted text to be
replaced. A window will automatically open allowing you to attach the file.
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ANALYTICAL CHEMISTRY

Nontargeted mass-spectral detection of
chloroperfluoropolyether carboxylates in

New Jersey soils

John W. Washington®, Charlita G. Resal®, James B. McCord®, Mark 1. Strynar®, Andrew B. Lindstrom®,
Erica L. Bergman®, Sandra M. Goodrow®, Haile K. Tadesse?, Andrew N. Pilant’,
Benjamin 1. Washington®, Mary J. Davis’, Brittany G. Stuart®, Thomas M. Jenking

The toxicity and environmental persistence of anthropogenic per- and poly-fluoroallyl substances (PFAS)
are of global concern. To address legacy PFAS concerns in the United States, industry developed
numerous replacement PFAS that commonly are ireated as confidential information. To investigate
the distribution of PFAS in New Jersey, solis collected from across the stafe were subjected to
nontargeted mass-speciral analyses. Ten chioro-perfluoro-polyether-carboxylates were tentatively
identifiad, with at least three congeners in all samples. Nine congenars are 2{CF,},. Distinct chemical
formulas and structures, as well as geographic distribution, suggest airborne transport from an
industrial source. Lighter congeners dispersed more widely than heavier ones, with the most widely
dispersed debected in an in-stock New Hampshire sample. Additional data were used fo develop a legacy-
PFAS fingerprint for historical PFAS sources in New Jersay.

er- and poly-finoroalkyl substances (PFAS)
are anthropogenic compounds used o
impart surfactant, antistaining, antistick-
ing, and related properties to a wide array
of consumer and industrial products.
Spurred by concerns regarding potential tox-
icity and environmental persistence of long-
chain PFAS (7-5), in 2006 the U.S. Environmental
Protection Agency (EPA) and eight leading
PFAS manufacturers and users negotiated
a voluntary “PFOA Stewardship Program” in
which the companies agreed to work toward
the elimination of perflaorooctanoic acid (PFOA,
or €8}, as well as C8 precursors and related
longer-chain homologs from emissions and
product content by 2015, With establishiment
of the PFOA Stewardship Programyfitimer-
ous PFAS manufacturers and usérs initiated
efforts to develop substitute coippounds foy
legacy long-chain PEAS caninonly seitling on
structures that age freated as confidential
business information. With preliferation @i
these substitute PEAS, environmental cheny
ists have set about atteiipting o identify them
using nontargeted, higheresalition mass spec-
trometry (HRMS) to assemble formulas and
likely stroctures from molecular-precursor and

Fig. 1. A chloro perflucro polyether carhonylate
{CIPFPECA) identified by nontargefed MS
analyses in soil samples from New Jersey. In the
New Jersey samples, perfluoroethyt (e) plus per-
fluoropropyl {p} groups were observed to range in
sum from one to four. The example congener

~fragment data (6). High mass-tesolution
enables chemists to identify those molecn-
lar formulas that have exgit massés within
a user-specified mass-ervay theeshold, and
molecular-fragméit masses and spectra of
the molecules help narpowipossible formy-
las further, ideally mformung molecular strnc
ture agiwell (7).

Amohig siarticipaits inthe PFOA Steward:
shin Program seversl have operatediindusinial
faeilities, onigoning or in the past in vr'near
detigely populated New Jersey, As pirt of ef-
forts to elcidate indusirial chemieal sources,
Siemical spedies, anddistribution of legacy
and possible substitiite PEAS in New Jersey,
in late 2017 the New Jersey Department of

invironmengal Brotection (INJDEP) collected
doil samples. For this survey, samples primarily
were collectediin southern New Jersey, where
two PFOA Stewardship Program signatories
arejocated: Solvay, in West Deptford Township,
and TiPont (now Chemours), in Pennsville
Township. Historically, Solvay produced poly-
yvinylidene fluoride (PVDF), which entailed use
of Surflon, a surfactant that contains €9, C11,
and C13 (perthuorononanoate, perfluoronnde-
eanoate, and perfluorotridecanvate perfluor-
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Faﬁ‘x‘x/ o "XW/OH
F P OACRTF |FF o
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depicted here would be designated (e.n) = 11 Isomers likely include an alternative terminal structure of

CICF,CF(CF5)0- (13, 14) as well as relative positions for the perfliuoroethyt and per
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fluoropropy! groups.

ocarboxylates (PFCAs) (&). By contrast, the
DuPont/Chemours facility manufactured
and used fluorotelomers [compounds syn-
thesized from perfluorcalkyl iodide, composed
of perfluorinated-carbon straight chains such
as F{CF, s, and usually two-hydrogen-bearing
carbons, such as ~CH,CH,-] from 1862 until no
later than 2014 (9). Sampling transects were
collected in the dominant downwind directions
as recorded at nearby Philadelphia Interna-
tional Afrport, and remote locations around
the state were sampled as well (sampling cam-
paign details are available in the supplemen-
tarv materials). These samples were sent 1o the
EPA, Office of Research and Development {ORDY)
laboratory in"Athens, Georgila.

At the ORD Iaboatory, soil samples were
extracted (supplementary materials) in triphi-
cate and gelected. samples: analyzed {(supple-
mentary materinls) for PFAS unknown to our
tesearcheam by using vitraperformance liguid
chivaunatograph, (BPLC) coupled to a quadra-
pole tine-of-Hight (QTol) mass spectrometer
operating in negative electrospray ionization
(151, MS%no magséfiltering) mode. Output
dity were sorted by signal intensity, high-
intensity molggularifeaiures were plotted on
ass-defect plots {7) ranging in defect from
L0130 to 4408 Ba, and molecular features
appgaring iy the plots of multiple samples were
godied fop further serotiny. Using low-collision-
efjprey precursor masses, high-collision-energy
fragment masses, a distinctive mono-chloro
M2 spectral feature, and carbon-isotopic ratios
{10, we tentatively identified a molecnlar fea-
ture as a chloro perfluoro polyether carboxyviate
(CIPFPECA) that is described in the literature
as “Solvay’s product (CAS No. 329238-24-6)"
{17}, as reported in a product assessment by
the Furopean Food Safety Authority (EFSA)
at the reqguest of “Solvay Solexis, Italy” (22).
With these reports, together with compound-
synthesis papers by Solvay chemists (13, 74),
the structure of these CIPFPECAS appears to
be as shown in Fig. 1 for 70% of production,
with 309% having an alternative terminus of
CICF,CRLCF )0

We have not had access to a standard of the
Solvay product. However, on the basis of ten-
tative identification of one Solvay product
congener in our data, and the literature report
that CIPFPECA congeners can include 0 1o
2 perfluoroethyl groups (¥ig. 1, e)and1to 4

ironmental Protection Agency (EPA), Office
y and Development, Athens, GA, USA. “EPA, Office
"Id Demlr\pmeﬁt Research Triangle Park, NC,

f Environmental Protection

*Correspondmg author Emasl Washmg:&on john@epa.gov
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perfluoropropyl groups (Fig. 1, p) (71, 12)
separated by ether linkages, we carried out
suspect screening of our MS® data by ex-
tracting hypothetical masses o determine
what other congeners might be present. After
this effort, all tentatively identified congeners
were further elucidated on the QToF operat-
ing in MS/MS mode, in which the guadrupole
magnets were focused on saspected precursor
mass/charge ratio (7/2) vahies and fragmented
with ramped collision energy; then, precursors
and fragments were isolated and detected in
the To¥ (supplementary materials). Results for
the nine CIPFPECA congeners tentatively iden-
tified on QToF are depicted in ¥Fig. 2 and fig. 82.
Within conventional HRMS-identification con-
fidenice context (75, 16), these compounds fall at
level 2b (diagnostic probable structure) and
level 3 (tentative candidate), but considering
the nine congeners together, confidence of their
general identity is high.

Having tentatively identified nine congeners
in these New Jersey soil samples as Solvay’s
product, we reexamined in-house nontargeted
results for a water sample from the Bormida di
Spigno River, downstream of Solvay Specialty
Polymers Haly (Spinetta Marengo, Alessandria,
Faly). In this Halian water sample, we identi-

fied five CIPFPECA congeners (fig. 83) that
were consistent with our New Jersey soil
samples, bolstering confidence still further
in our identification of these compounds as
Solvay’s product.

Informed by the fragmentation patterns of

the JToF suspect screening, we developed a
method for routine analysis of the detected
congeners on aconventional-resolation tan-
dem mass spectrometer [liquid chromatogra-
phy (LC-MS/MS], adding monitoring for a
possible ethylpropyl (2,p)=1,0 congener {fig.
54 and table 82). Whereas this method was
not developed with the benefit of authentic
standards, it was informed by masses for ~30
precursors and fragments uniformly having
mass error <4 mba when the MS signal is
=10% (fig. $5). With an objective of assessing
relative concenirations among samples, we
performed analyses on the triplicate soil ex-
tracts with a matrix internal standard labeled
with five heavy carbons, “Ce-perfluorononanoic
acid (*°Cs-PFNA; 1°C5-C9), then reportei]
CIPFPECAs “as C8,” by simple peak-area ratios
(supplementary materials). We also performed
LC-MS/MS analyses on the triplicate soil-évtiet
replicates for legacy PFCAs, quantitating on
mass-labeled internal matrix standards (sup-

plementary materials). Resulis of CIPFPECA
analyses are summarized in table 84, and
PFCA analyses are summarized in table 85.

{if the 10 congeners we identified by means
of GTokF or tandem MS, (i) six were expected
on the basis of EFSA information (e,p=0,1: 1.1;
0,2; 2.5 1,2; and 0,3 congeners) (77, 12); (it)
four were not included as congenem in the
EFSA information (1,0; 2,0; 3,0; and 4,0 con-
geners); and (ifi) six congeners anticipated on
the basis of EFSA information were not detected
(2,2; 1.3; 2.3: 04 1L4; and 2.4 congeners) (fig. 56).
in fig. 87, we summarize the fractional com-
position of the 10 CIPYPECA congeners detected
in our study in terms of mean, maximum, and
minimun fraction observed among our soil
samples. Addresging the mean fractions, at
roughly 40% each,theep = 01 and L1 con-
geners argidondant, llewed by ~15% for the
4,2 andilesser to trace amounts of all other
congenels (fig. 87

weveral CIPEPECAS eluted as split peaks
(Fig. 2 and fig. 82). We investigated whether
this splitiing reflected the presence of isomers
tw extracting spectial patterns of visually dis-
tingt chrématographie peak ranges, looking for
distinct fragmentation patterns across aggregate
peaks (supblamentary materials, materials and
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Fig. 2. Mass chromatograms (MS/MS mode}, spectra, and precursor and fragment structures of four smaller CIPFPECA congeners detected in New Jersey
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methods, and figs. S8 to 810} On the basis of

these efforts, we suspect the presence of group-
regioisomerism for congeners having both ethyl
and propyl groups as well as regioisoimers based
on chlorine position (Fig, 1).

These New Jersey soil samples generally
were elevated in legacy PFCAs relative 1o global
background soil estimates (77) and particularly
elevated in Cg and longer homologs. For ex-
ample, the mean C3 in our New Jersey soils is
785 pg/g dry soil (table $5) [compared with

global background of 18 pg/g (I7)]: mean
LIO = 437 pg/g (perflnorodecanoate; back-
ground = 11 pg/g); mean €11 = 1618 pg/g
(hackground = 9.6 pg/g); mean C12 = 167 pg/g
(perfluorodecanoate; background = 0.0 pg/g);
and mean C13 = 222 pg/g (background not
reported). Also, the lowest New Jersey soil
concentrations in our study for C9 through
{12 PFCAs (table S$5) were 5- to 30-fold that
of mean global background values (77). These
increased long-chains resulted in an anoma-
lous PFCA-homolog profile for the New Jersey
samples relative to global background. Whereas
the PFCA profile for global background soils
tended o be highest in C6, C7, and €8 PFCAs
{perfluorohexanoate, perflucroheptancate,
and perflunorooctanoate), in this order, these
New Jersey samples were most highly repre-
sented by C11 and €9, in this order (fig. 811).

Taken altogether, these data for CIPFPECAs
and the elevated levels of legacy PYAS strongly
suggest the presence of regional PFAS sources.

Probing for possible relationships suggested
by variation in the data, we performed prin-
cipal component analysis (PCA) to guide di-
rected testing (fig. 512). Principal component
1 (PCY) and PC2 account for 96.8% of variation
in the data, with PC1 alone accounting for
90.6%. The 95% confidence interval ellipsoids
in the PCA score plot (fig. 512) encompass the
two chemical families almost exclusively: the
CIPFPECAS and the legacy PFCAs. The major
ellipsoidal axis of the CIPFPECA cluster is
oriented more closely parallel to PCI, reflect-
ing considerable variance among these data
that can be characterized dominantly bv a
single component, as might be expected for a
single physical source. C11 and C13 fall within
the CIPFPECA ellipscid (fig. S12), suggesting
similarities in the pattern of variation for Ci1
and C13 with at least some of the CIPFPECAs,

Exploring variation in the CIPFPECA data
{fig. 8512), we regressed the eight CIPFPECA
congeners detected in most samples (exclud-
ing rarely detected 1,0 and 4,0 conggners)
against distance from Solvay in log-transiermed
space (Fig. 3A). All eight congeners decreased
with distance from Solvay with high degiees
of significance (£ < 0.0002) (Pable 1) Kramining

the data in three dimensions, the CIPFPECA
concentration contours form a concentric focus
on Solvay, which is consistent with Solvay being
the source of these compounds Fig. 4). The ¥4
slope of diminishing concentration with dis-
tance from Solvay (Table 1) also increases with
molecalar mass (P < 0.001) (Fig. 3B), suggest-
ing that smaller congeners were dispersed more
widely than larger congeners. This sorting by
mass might be a factor in the absence of cur
detection of several of the largest CIPFPECA
congeners expected for the Solvay product (fig.
86) (12); the heaviest congener we detecied is
thee,p = 0,3 at 702.9 Da, and the lightest of the
six congeners expected, but not detected (fig.
86}, was the 22, with a mass of 858.9 Da.

Considering thit these soil samples chiefly
are from positions #hatiare not hydrawlically
downgradient inithe watershed of any Solvay
wastewater dischiares(Fig. 4'and fig. 81), aqueous
gdischarge canot explain these observations,
soithese corredations strongly suggest atimo-
sphetic release from Solvay as the principal
mode ofacourrence for these soils.

The pbservationithat three of the lightest
congeners (il 1,4and0,2) were detected in
all stiidy sammples, inchiding the most remote
New Jerséy samplé near the northern state
border {samiple8522) (fig. 81), suggests that
light congeners might be dispersed beyond

Fig. 3. Concentration profile. (&) Log 0.1-congener soil A
concentration (picograms/gram) versus log distance 3.0
from Solvay (kilometers). The regression statistics are for
the New Jersey soil samples (biue) located as far as w5 25
150 knt removed from Suivay (tabie Sl) Cther CIPFPECA S
ted with distance ;E;fg 2.0
fmm qoiva\/ (Table 1) Also shom is the 0.1 congener %
detected in a soil from Merrimack, New Hampshire, "’m’i 1.5
at 12.1 pg/g (orange). some 460 km distant from Solvay ‘o
(table 813, falling closely proximate to the regression line o 10
for New Jersey 01 congeners. The 0.1 congener is the ' Log [0,1] =-0.662Log km} + 2.71
miost widely dispersed of the CIPFPECAs (B) and the only R = 0.47 P=0.0001
CIPFPECA detected in the New | hm')%hi’é soil. Inclusion 0.5
¢f the New Hampshire daiz pm ntin regreswm 0.0 05 1.0 15 2.0 2.5 3.0
[coefficient of determination (%) = 0.55; P = 1077 Log distance {km}
increases the significance of the relationship roughly an B
order of magnitude beyond that of New Jersey dala 0.6
alone. (B) Rr—“g’z—:ssm stope (log [CIPFPECA] versus log
distance from Solvay) for each of eight CIPFPECA = 0.8
congeners versus congener molecufar mass. Given the 5 .
statistically significant relationship (P = C.001), this 5 T 1
chservation suggests sorting by molecular mass in an 4 ¥
atmospheric plume, with lighter molecules generally being g w12
disparsed more remotely than heavier molecules. a %f
Mecharisms of atmospheric mass sorting remain # .14
uncertain, but the regression slope also is correlated “"-;f‘ e
with congener-acid vapor pressure (R° = 091 P < 0.00D) & 18 Slope =-0.0031Mass + 0.77
and congener-anion octanob-water partition coeficient @ R? = 0.92 P<0.001
(R? = P < 0001, as estimated by the EPA Chemical -1.8
Trar .sformazion Sirnulator (25). 400 500 600 700 200
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New Jersey state boundaries. To explore this
possibility, we analyzed an in-stock sample
from Merrimack, New Hampshire, that falls
roughly paralle! with the downwind transect
extending northeasterly from Solvay (fig. S13).
To determine whether unrelated samples might
have CIPFPECAs, we also analyzed an in-stock
sample from Convers, (Georgia, which is roughly
1000 km southwest from Solvay (fig. S13). We
detected the 0,1 congener in the downwind
Merrimack sample and no other congeners,
and we detected no CIPFPECAS in the remote
Conyers sample. The 0,1 congener is the most
widely dispersed (Fig. 4 and Table 1), and the
New Harmpshire sample, some 450 km re-
moved, plots closely proximate to the regres-
sion line for the 0,1 congener in New Jersey
samples as a function of distance to Solvay.
However, whether this New Hampshire 0,1-
congener detection is from Solvay or some
unknown source requires more study.

Given the role of Solvay as potentially the
dominant or sole source of CIPFPECAs in our
study, plots of legacy PFCAs against CIPFPECAs
potentially guide which, if any, legacy PFCAs
remain diagnostic of pre-Stewardship Solvay
releases. Plotting concentrations of each legacy
PHCA, chain lengths C4 (perfluorobutanoic
acid) through €13 [perflucrotridecanoic acid
(PFTrA)], against the sum of CIPFPECAS in
fig. 814 shows three samples from closely
proximate to Solvay that are high in CIPFPECAs
also are high in €8, C11, and €13 PFCAs. On the
basis of this observation, (9, C13, and C13 were
regressed against distance from Solvay. Results

of these regressions indicated that C9 is not
correlated with distance from Solvay, but con-
qjaem with the PCA (fig. 5123, Cl1 (P = 1.2 »
Oy and C13 (P = 1.7 x 107%) were statistically
J,e}a,led with distance from Solvay (Table 1and
fig. 8158). The seeming inconsistency of £9
plotting anomalously in fig. $14 bt not being
statistically related to distance from Solvay is
likely duoe in large part to the relatively much
higher mobility of {9 than €11 and €13 in soils.
For example, in a stndy of PFCAs in Decatur,
Alabama, soils, Washington ef of. (78) reported
deep and surface soil ratios for C9 as high as 50-
fold that of C11 or C13, suggesting much higher
rates of loss for C@ than Ci1 and (13 from sur-
face soils through leaching and percolation.
Althongh figs. 514 and 515 and Table 1 suggest
a relationship of C11 and C13 with Solvay, con-
siderable spread remains in the data (fig. 515),
perhaps reflecting noise imparted from other
sources. The majority of all environmental
releases of PFCAs longer than C8 from 1951 o
2015 arose from fluorotelomer- and Co-based
products (79). According to smog-chamber ex:
periments (20} and global-scale modeling by
using a complex suite of kinetic constagis es
timated from literature (27), atmospheric oxida:
tion of 7:2FTOHSs (where 2 is an evey integer
and FIOHs are fluorotelomer aleohols) vields
roughly equimolar #PFCAs gnd tns 1IPFCAS op
preferentially nPEEAS in sigbansareas whete
nitrogen oxides caf beelevatinl In solld, micro-
bially mediated degiadation “of #2FTOHs hag
been shown to pipreed through beta oxidation
to vield dominantly nPFCAS (22:.23). Consistent

with these stadies, in their global soil survey,
Rankin ef al. (24) reported that PFOA/PFNA
[nPYCA/(n+DPFCA] ratios commonly fall in
roughly equimolar 1o dominarily PFOA (nPFCA)
range and argued atmospheric or soil degrada-
tion of fluorotelomers as a dominant mode of
PFCAs occurrence globally. Given (i) histori-
cal production and use of fluorctelomers at
the large-scale New Jersey Chemours facility,
(it) the generally prevalent contribution of fluo-
rotelomers to C10 and Ci2, and (iil) atmospheric
and soil fluorotelomer-degradation stoichiome-
try favoring roughly eguimolar or dominantly
even-chain PF¥CAs, the difference of nPFCAs
minus {n+1PFCAs, (C11 + C13) - (C10 + (12),
has the potential to deconvolute potential sig-
nals from Solvay ang Chemours for these legacy
PFAS. Large positive excesses in this difference
suggest ditect velease of 11 and C13 P¥FCAs,
whereas near-vors or negative values of this
gifferenie would e onsistent with atmo-
spheric or soilderradation of flucrotelomer
preculzoys A%y source.

Applying the difference (C11 + C18) - (C10 +
{12 to oy New Jetsey soll data accentuates
signal W' nojse i thiat the strength of corre-
lation with distance fiom Solvay (fig. 816) in-
creases nedrly, an grder of magnitude bevond
that of C11,0r (13 alone, with P = 45 x 107*
(Table D). (3I4C13) - (C10+C12) is plotted in
fig. 817 ag a function of the sum of CIPFPECAs,

iﬂu&tra’cing relationship significant at P =
4. (3"%107° and bolstering that these param-

eters reflect a common mode of oconrrence:
airborne transport.

Table 1. Regression statistics for chemical data (plcograms//orams) against distance from selected facilities in log-ransformed space. ND ol

detected sample count, FEUA perfluoroundecansic acid: PEDA. perfluorodecansic acic: FFDoA perfluorododecancic anid: FRTed,

nerftucrotelradecannic acid

Anzlyte Distance from Solvay (km) Distance from Chemours (km)
atmospheric {maximum n = 24 0%} {anomalous backeround 5522
precursor® excluded: n = 23 woos)
Compund{s) Pearson R By Compund(s) Pearson # Bt Slope
OLIND=0 =24 0638 20x10°
ZO0Mb=2n=2% 0766 32x10°
LLING = 2 0791 41«10"
D2ND = = 0845 20«7
0822 A9« 10
0831 :
% 7= 848
J3ND=4 ne ,,O} 0249
SCongeners (ND = J.,{ = 0796
82FTOH PENA (09 0130 PFDA (08) D202 Nonsig,
102FTCH PEUA (C1H 0E20 PEDA (1) 05H 120007 0404
12 2FT0H PETYA (U13) 0482 PEDoA (C12) 0478 2lx10° 0454
42FTOH (C15 nol analyzed) PETeA (C14) 0426 =107 033
(€9 + Gl + 513 0519 47x10° 0324 08+ 010 + Gl D204 Nonsig,
(01 + G139 Ge0d 18«10 0449 (CI0 + 21 281 1ix10° 0402
€9+ CH1+ 013y - (CR+ C10 + C12) 0.ara Nonsig.
(€1l + 13y - (C10 + 012y 0660 4510 D608

*Source Flils ot af 20y =Slenficance fevel
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Fig. 4. Geographic distribution. Shown are > CIPFPECAs in surface soils (picograms/grams). Contour
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0 Sohvay,

Contours of the difference (€11 5 C13) -
(€10 + C12) are miapped in fig. SiB The re-
sulting pattern depicts a strongly expressed
positive anomaly'foeusing on Selvay as well
as a negative anomaly proximate & Chemours
that is consistent with the reasoning above
(fig. 818). These results are consistent with
values reported in Rankin ef ol {24) in that
three of four samples collected ~20 km south-
east of Chemours calculate to negative values
for the difference (C11 + C13) - (C10 + Ci2).

Taken altogether then, the difference (C11 +
C13y ~ (C10 + C12) evidently fingerprints two

potential PFAS sources in concert by accen-
tuating differences in mode of occurrence: di-
rect odd-chain PFCA release of Solvay versus
fluorotelomer degradation in the atimosphere
or soil from the Chernours facility.
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at weighted the five nearest data points
city in the data and numerical
clear pattern of increasing

Hsie ave have reported tentative identifica-
tion of 1 CIPFPECA congeners distributed
avross an expansive breadth of soils in densely
papulated New Jersey and likely bevond. In
light of these findings, numerous near-term
pressing uncertainties merit investigation, in-
cluding the presence and mobility of the con-
geners in soil profiles, in surface and ground
waters, in vegetation (such as agricultural crops),
and in anbimale incuding hwmans, as well as
whether there is evidence that these CIPFPECAs
degrade in the environment. In the longer term,
investigation of whether these CIPFPECAs might
be toxic is prudent.

REFERENCES AND NOTES

Em.mr Sc: TEC'HC/ 40 :-455--_- 71( ‘006)
e 566, 26—
S Newton et af cn//ron 5o

K Preves

344-1552 {20173
H. Korzeniowski,

P. \) chA,
fschw 46, 32-44 {2006}
el (CSh)

- "“6 {2009).
Veher, Environ. Sci.

Technol 48, 1375613263 ’201\

24, K. Rankit" 20A, Mag T. M Jenking, JLW W
Clifosphereidet, 333-341 (2016).

% EPAGETS: Onding Chemical Transformation Simulator

il PEAS study. EPA

cmtribmons J
the CIPFPECA
drafted the m:

scienc
Material

116 Aprii 2020

1 P. Giesy, K. Kannan, Environ. Sci. Technol 35,

00 MONTH 2020 » VOL 000 I8SUE po0o 8

MS no: REaba7127/CEF/CHEMISTRY

ED_004850_00003794-00009



